The aim of this study was to determine the anisotropy of three strawberry varieties (Coral, Darselect, and Elsanta) related to texture profile analysis and texture parameters of creep curves. Color and physico-chemical properties were determined and a correlation was established with texture properties. The texture parameters were negatively related with moisture content, whereas the coefficient of anisotropy showed a significant positive correlation with hardness and texture parameters of creep curves (p < 0.01). The Darselect variety in different stages of ripeness (nearly ripe, ripe, and over ripe) showed the highest coefficient of anisotropy, the highest hardness, and simultaneously, a greater resistance to mechanical stress.
Introduction
It is a well-known fact that strawberries are fruit consumed by many people, each consumer expecting them to be tasty and good-looking. However, apart from being appealing to the senses, they represent a healthy food choice, due to its dietary fibers and fructose content, phenolic compounds, and a high content of vitamin C, which makes them an important source for human nutrition. [1] [2] [3] As for quality, the sweetness of strawberries is one of the most important aspects, depending on the balance between sugars and acids in fruit. Total soluble sugars in fruits are carbohydrates of low molecular weight; they are the most soluble solids of strawberries and are related to sweetness, flavor, aroma, attractive color, and texture. [4] Another aspect of emphasis is food texture, which is an important quality attribute, perceived with the sense of touch, either when the product is picked up by hand or placed in the mouth and chewed. [5, 6] In contrast to flavor attributes, texture characteristics are fairly easily measured using instrumental analysis. [7, 8] The texture of fruits and vegetables is derived from their turgor pressure, the composition of individual plant cell walls, and the middle lamella that holds individual cells together. [9, 10] An aspect worth taking into account when having to deal with food texture measurement is represented by food anisotropy, considering the fact that some foods are isotropic while other foods are anisotropic. In case of isotropic food the testing direction does not matter, but for anisotropic food samples it is important that the testing should be made in the same direction. [11, 12] Food products of animal origin (meat) show a pronounced anisotropy, while vegetable products show a moderate anisotropy due to polyhedral cells' form. [13] In the case of bending tests, the homogeneous and isotropic samples give accurate results as long as the sample length is about ten times greater than its thickness, but if the material is moderately anisotropic and heterogeneous, the length should be 100 times, or even higher than, the sample's thickness to obtain correct results. [12] The texture profile analysis (TPA) is one of the most used methods to determine the primary texture parameters (hardness, cohesiveness, viscosity, elasticity, adhesiveness) and secondary texture parameters (fracturability, gumminess, chewiness), and it is based on chewing process. [14, 15] These measured and calculated values of primary and secondary texture parameters are correct only in the case of isotropic products, but in the case of anisotropic products the texture properties vary with direction and errors occur. [16] The TPA profile has been used to determine the textural properties of fruit, [17, 18] vegetables, [19] mushrooms, [20] meat products, [21] gelled food systems, [22] and cheese. [23] To the authors' knowledge, no other study related to the measurement of strawberry anisotropy and creep curves has been reported. Consequently, this study aimed to focus on the measurement of the anisotropy and texture properties of three strawberry varieties correlated with their chemical composition and appearance.
Materials and Methods
Darselect, Elsanta, and Coral strawberries were purchased from a local producer from Romania in three different stages of ripeness: nearly ripe, ripe, and over ripe, all fruits having the same shape and size, and weighing 20 g each. The harvesting stages (nearly ripe, ripe, and over ripe) were influenced by ripening time and fruit color, so that the nearly ripe strawberries were harvested two days in advance compared to the ripe ones, whereas the over ripe ones were harvested two days later than the ripe ones.
In order to determine the texture parameters of these three varieties of strawberries, a TPA was performed. [24, 25] This analysis was made by a Mark 10 texturometer (Mark 10 Corporation, USA) with a loading speed of 10 mm•min −1 using compression discs of 50 mm diameter, and the sample was compressed to 60%, and 20 mm of its original size, respectively. The data obtained from TPA curve were used to calculate primary and secondary texture parameters.
Hardness is expressed as the maximum force for the first compression, and adhesiveness is expressed as the negative force area for the first bite or the work necessary to pull the compressing plunger away from the sample. Elasticity is calculated as the ratio between displacement from the start of the second area up to the second sample reversal and the displacement between the start of the first area and the first sample reversal. Cohesiveness is a parameter of the difficulty degree in breaking down the samples' internal structure. Gumminess and chewiness have been reported as products between hardness and cohesiveness. Chewiness is calculated as hardness × cohesiveness × elasticity. [26] An optoelectronic measuring device has been built and patented for anisotropy measurement (see Fig. 1 ), which measures unevenness of the sample's deformation in two directions perpendicularly to each one during stress of compression and transforms these deformation values into a coefficient of anisotropy (K a ) through a specialized software. [15] The sample has cubic shape ( Fig. 2) , with sides of 20 mm.
where P a+b was the highest amount of two opposing ellipse segments. P c+d was the lower amount of the other two opposing ellipse segments. Another destructive test used in this study to determine some texture properties was the creep test, performed with a device equipped with a sensory system for displacement and time measurement from Mitutoyo (Mitutoyo Corporation, USA). [27] To conduct this analysis a creep method without preload was used. The stress time was 2000 s, and the weight stress was 300 g. [28, 29] Strawberries' concentration of soluble substances expressed as°Brix was determined by refractometry, using a Leica Mark II Plus refractometer with a measurement accuracy of 0.1%. The pH was measured using a pH meter and moisture content was determined by oven drying at 103 ± 2°C to a constant weight. The measurement of the surface colour of each strawberry was achieved with a USB 4000 Ocean Optics spectrophotometer by using the CIE L*a*b* uniform color space method, where: L* represents brightness (0 black and 100 white), a* represents red-green axis (+a* red and -a* green) and b* represents yellow-blue axis (+b* yellow and -b* blue). The illuminant used was D65 in reflective mode and the color measurement was made at an angle of 45 degrees to the sample. Strawberries' color difference (ΔE*) was calculated by the formula: [30] 
where ΔL* is the brightness difference between the two samples, Δa* is the difference between red-green coordinates, Δb* is the difference between yellow-blue coordinates.In addition, hue angle (tone; h°) and chroma (color intensity; C*) was calculated by the following formulas: [31, 32] 
(1:4) Figure 1 . Device for determining the food anisotropy: 1: metal box; 2: video camera; 3: capture and shielding con; 4: thick glass disc; 5: food sample; 6: ring of LEDs; 10: compression discs; 13: electronic power source; 14: PC. 
Statistical Analysis
Principal components analysis (PCA) was performed using Unscrambler 9.7 (CAMO Process AS, Oslo, Norway), all the physico-chemical, color, and textural parameters were weighted and normalized in order to perform the PCA. The PCA was applied to describe the relationship between the physico-chemical, color, and textural parameters. Statistical analysis was performed using the Statgraphics Plus software system-trial version. Pearson correlation was made using SPSS 13 (USA).
Results and Discussion
The moisture content,°Brix concentration and pH value of strawberry samples are shown in Table 1 . The moisture content of the strawberries has ranged between 87.251-89.997%, and we can see that their humidity increased with fruits ripening. The pH value was in the acid region (3.81-4.22), while the°Brix has ranged between 8.4-14.2. In terms of physico-chemical parameters these three strawberry varieties have similar properties, a difference being recorded in the over ripe Elsanta category which has a higher concentration of soluble substances than the rest of the samples analyzed. The pH values and the concentration of soluble substances are in the same range with those reported by various authors. [33] [34] [35] Strawberries' brightness (L*) ranges between 99.5-84.2; nearly ripe samples have the highest brightness, and over ripe samples have the lowest brightness of these three varieties: Elsanta, Darselect, and Coral strawberries. In the case of a*, all samples are situated in the positive region on the red-green axis, more toward red. In contrast, the b* parameter of nearly ripe samples is situated in the negative region on the yellow-blue axis, more toward yellow, while the other samples (ripe and overripe) have the b* parameter situated in the positive region on the yellow-blue axis, more toward blue ( Table 1) . The research data demonstrate that the Darselect, Elsanta, and Coral over ripe samples have the highest color intensity (C*) 4.534-6.940. For color parameters, Pearson correlation (Table 5) indicates a significant negative correlation (r = -0.712, p < 0.05) between brightness (L*) and a* (red-green axis) and a positive significant Pearson correlation between b* (yellow-blue axis; r = 0.963**, p < 0.01), color intensity (r = 0.859**, p < 0.01), tone (0.731*, p < 0.05) and concentration of soluble substances. The color difference between samples of the same variety is greater than three, which indicates that the color difference of the strawberries analyzed can be appreciated by the human eye ( Table 2 ). The highest color difference between over ripe and nearly ripe strawberry samples is registered by the Coral variety (ΔE =14.427). Fig. 3 shows the TPA profile of Elsanta, Darselect, and Coral strawberries in three different stages of ripeness, and it can be observed that some of the textural parameters are influenced by the ripening process.
For anisotropic food products the coefficient of anisotropy is a number higher than one (K a > 1). The results of TPA will be multiplied by the value of anisotropy coefficient, except chewiness for which the anisotropy influence is more complex, and we can not correct the measured value by simple multiplication by the anisotropy coefficient. [15] Table 3 presents the results of strawberries' anisotropy coefficient which was calculated based on Figs. 4a, 4b, and 4c, Darselect strawberries (Fig. 4b) having the most pronounced level of anisotropy between 1.224-1.260.
The anisotropy coefficient shows a significant positive correlation with hardness, cohesiveness (p < 0.01) and elasticity, gumminess, and chewiness (p < 0.05), whereas a negative Pearson correlation is between the texture properties of creep curves (penetration depth and mechanical work) and the coefficient of strawberry anisotropy (r = -0.948**, p < 0.01). Besides the storage conditions, in terms of consumer's acceptability, strawberries' hardness is a very important property for producers, processors, and retailers. Strawberries' hardness ranges between 4.202-44.382 N, the lowest values being recorded by the Coral variety (over ripe -4.202 N), while the Darselect variety presents the highest hardness (nearly ripe -44.382 N), gumminess, and chewiness among the varieties analyzed. Elsanta presents the highest fracturability (Table 4) . Creep tests were also made by other scientists on dough, bread, or butter to investigate the failure of soft viscoelastic solids. [28, 29, 36] In terms of texture properties, creep curves are characterized by penetration depth and mechanical work of compression. Figs. 5a , 5b, and 5c show the creep curve of strawberry samples, and it can be observed that the penetration depth and mechanical work of compression increase with the fruit ripeness, so we can conclude that the creep texture parameters are influenced positively by the ripening process. The penetration depths vary between 2.23 mm in Darselect nearly ripe fruit to 9.37 mm in Coral over ripe fruit (Table 4) , while the Darselect variety shows the lowest values of penetration depth, being followed by the Elsanta variety. The result shows that the Coral variety was the most fragile of all the strawberries analyzed. Table 5 presents the Pearson corelation matrix between the textural, physico-chemical, and color parameters. It seems that some textural parameters (hardness, elasticity cohesiveness, gumminess, chewiness) are highly positively influenced one by the other (p < 0.01) and the viscosity has a positive influence on adhesiveness (p < 0.01). Another consideration is that the penetration depth *Values are the average of triplicates ± standard deviation. P a+b : the highest amount of two opposing ellipse segments; P c+d : the lower amount of the other two ellipse segments; K a : anisotropy coefficient. Table 4 . Textural properties of elsanta, darselect and coral strawberry. and work of compression from creep curves are negatively correlated with the texture parameters: hardness, elasticity, cohesiveness, gumminess, and chewiness (p < 0.01).
The moisture content has a negative influence on strawberry hardness (r = -0.729*, p < 0.05), another negative corelation exists between elasticity (E) and yellow-blue axis (b*; r = -0.713*, p < 0.05), between elasticity (E) and brightness (L*), the Pearson correlation indicating a significant positive correlation (r = 0.798*, p < 0.05). A high positive correlation exists also between cohesiveness (Co) and brightness (L*; r = 0.725*, p < 0.05).
The scores and correlations of PCA are presented in Figs. 6 and 7, and the two main components (PCs) explain 99% of variation in the data set. The PC1 explained 81% of the variation and PC2 18%. PCA analysis showed clear differences between strawberry varieties and between different stages of strawberry ripening, Fig. 6 . The PC-2 allows dividing the strawberry samples into three major groups: on the left side there are the Darselect samples, which in terms of texture parameters have a high hardness; on the right side there are the samples of Coral varieties,which are the most fragile strawberries; and in the center the Elsanta variety is found.
The loadings of each parameter on the principal components show that the grouping of different types is primarily influenced by certain parameters (see Fig. 7 ). In the central part of the ellipse the following parameters are identified: adhesiveness, fracturability, a*, color intensity, pH, and°Brix, which influence less the differentiation of strawberry samples, while in the outer ellipse the parameters with a higher influence are found: hardness, penetration depth, mechanical work, the anisotropy coefficient, elasticity, cohesiveness, gumminess, chewiness, moisture, brightness (L*), and tone (h°).
Conclusions
The advantage of applying this device of anisotropy measurement increases the accuracy in determining the individual characteristics of texture which together define the texture profile of a product or food raw materials. The Darselect strawberry samples showed the highest anisotropy, toughness, and resistance to mechanical stress, followed by the samples of Elsanta and Coral variety, the mechanical stress resistance being a very important property for both producers and retailers. Of these three samples of each strawberry variety, the nearly ripe ones showed the highest toughness, whereas the Coral variety is the most fragile one. Another conclusion of the strawberry samples analyzed in this study is that the textural profile is influenced by the moisture content and that the Pearson correlation showed a conection between TPA texture characteristics and texture characteristics of creep curves. 
